The kinetics of pyrolysis characteristics of coal tar pitch (CTP) and quinoline soluble of CTP (refined pitch) were investigated by thermogravimetric analysis at the heating rate of 5, 10, 15, 20/min, respectively. ℃
Introduction
China has the largest coal coke output in the world, which is about 477 million tons in 2014. The annual output of coal tar in coking is more than 22 million tons. Coal tar pitch (CTP), by-product of coal tar distillation, occupies 54-60% of the amount of coal tar [1] . CTP is used as materials to prepare not only linoleum, buildings waterproof layer, high-grade pitch paint, preparing pitch coke, delayed coke and modified asphalt material etc, but also carbon electrode, anode aluminum electrolytic binder, battery production and refractory adhesive. But the existing utilization methods have many defects such as low added value, serious pollution, and small market capacity. The coal coking industry are faced with the common problems on finding the way to process CTP until now. CTP contains a large number of high quality aromatic hydrocarbon, so it is an urgent problem to develop high added value processing method. And deep processing is also the traditional coal coking industry upgrading and transformation needs in China.
CTP is a very complex system, containing a large number of aromatic ring organic compounds. It is estimated that there are more than 10000 different chemical compositions in CTP [2] . A large number of aromatic components are in the form of 2-6 ring condensation of aromatic rings. CTP is able to be used as raw materials for high performance carbon materials, like needle coke, mesophase pitch based carbon fiber, carbon foam, impregnant pitch, mesocarbon microbeads, etc. However, there is no mature raw material refining process in China, resulting in long-term slow progress in industrialization of high performance carbon materials and other high value-added product due to lack of mastering the basic characteristics of CTP. Thermal analysis is a certain kind of testing technology for studying the physical and chemical changes in the process of heating and cooling. By thermal analysis method, the reaction kinetics can be effectively studied, and the kinetic parameters, such as thermal reaction series, reaction rate and activation energy, are also determined.
Thermal analysis had applied to the research of CTP in order to obtain the thermal reactivity of CTP [3] [4] [5] .
In 
Results and discussion

Pyrolysis characteristics
The TG/DTG curves of CTP and the refined pitch are listed in Fig. 1and Fig. 2 , respectively. TG/DTG curve of CTP and the refined pitch are shown similar trend. With different heating rates, both pitch show a similar weight loss trend, and the weight loss rate increase at first and then decrease. However, with the increase of heating rate, the overall heating curves display right shift and the maximum weight loss rate decreases, which is due to the shorter reaction time of the two pitches. Kissinger method is often used based on the DSC or DTA data to calculate kinetic parameters [6] . Assuming that the maximum reaction rate temperature is the maximum value of DTA or DSC peak curve. But in fact, the maximum reaction rate temperature is not exactly the peak maximum value of DTA or DSC. Therefore, the actual analysis often use Tp, the peak temperature of DTG curve instead of peak temperature of DSC curve temperature to correct, to make calculation. Kissinger equation:
ln(β/Tp2)=ln(AR/E)-(E/RTp) (1) In the formula, β represents the temperature rising rate, K/min. A is pre-exponential factor, E is the apparent activation energy, J/mol. And R is the gas equilibrium constant. Fig. 1 is the curve of ln(β/Tp2) versus 1/Tp. By the gradient of the straight line, the activation energy of CTP and the refined pitch can be worked out as 84.74KJ·mol -1 79.30 KJ·mol -1 , respectively. The intercept, i.e.
lnA, were 14.40 and 12.06, respectively. The higher the activation energy E, the more sensitive to the temperature, the temperature sensitivity of CTP is stronger than that of the refined pitch, and the reaction rate of CTP increases more than the refined pitch with the increase of temperature. The higher the pre-exponential factor A, the higher the reaction activity, CTP shows more reactive than the refined pitch. That is to say, the refined pitch is less temperature sensitivity than CTP, and the reaction activity increase is smaller with the increase of temperature. In the process of preparing the carbon materials, the lower temperature sensitivity makes the reaction be carried out at a slower speed, keeping the system at lower viscosity, which is beneficial to the mesophase formation and the processing of high performance carbon materials.
Flynn-Wall-Ozawa method
According to the TG/DTG curve of the two pitches at different heating rates, the Flynn-Wall -Ozawa method was used to calculate E [7, 8] On the TG/DTG curve, T values at the same conversion rate are selected from the curve when different temperature elevating rate are taken. The value of lnβ is plotted against the value of 1/T (Fig. 3) , and the gradient of the line can be worked out E value. The Value of lnβ is plotted against 1/T. As is shown in Table 2 , E of CTP and the refined pitch are 69.22KJ/mol and 94.45KJ/mol, respectively. The results were similar to the results of 3.2.1., also suggesting that the temperature sensitivity of the CTP was stronger than that of the refined asphalt. 
Reaction kinetics of pitch
Thermal decomposition mechanism of pitch is speculated through plotting according to the thermal decomposition type which had been proposed. The apparent activation energy of the thermal decomposition is worked out based on the linear correlation of the curves and the given thermal decomposition kinetic equation. The apparent activation energy of three methods is compared with this value, and the dynamic expression is analyzed, then the thermal reaction mechanism is analysed according to the physical meaning of the expression. Table 3 . The activation energy and the pre-exponential factor of these expressions must meet the following conditions: (1) 0<E<400 KJ/mol; (2) |(E 0 -E)/E 0 |≤0.3, E0 is attained according to Flunn-Wall-Ozawa method; (3) |(lnA-lnA 0 )/lnA|≤0.3, value of lnA0 is calculated according to Kissinger method. In summary, ranges of CTP and the refined pitch are 66.12KJ/mol≤E≤122.78KJ/mol, 11.08≤lnA≤20.57 and 48.45KJ/mol ≤E≤89.99KJ/mol, 9.28≤lnA≤17.23, respectively. Taking 10oC/min heating rate as an calculation example, the result is listed in Table 4 , the reaction mechanism functions of CTP and the refined pitch both are [-ln(1-α)]2. However, reaction rate of CTP is more sensitivity to temperature than that of the refined pitch. With the increase of temperature, the reaction rate of CTP is increased faster than the refined pitch. In other word, The reaction rate of the refined pitch is more mild with change of temperature and the reaction activity is low. In the process of preparation of high performance carbon materials, the carbonization reaction of the refined pitch is carried out at a slow speed, which makes the viscosity of the reaction system is low, Low viscosity is beneficial to mesophase formation and growth. Table 3 The algebraic expression of g(α) for the various kinetic reaction models No. g(α)
No. 
Conclusion
Reaction kinetics of CTP and the refined pitch is studied using the method of synchronous thermal analysis. The thermal decomposition process of CTP can be divided into three stages, which correspond to different physical and chemical changes. 200-550 o C is the main stage of CTP pyrolysis. Different heating rate has different effect on carbonization.
The apparent activation energy E of CTP and the refined pitch is about 84. According to calculation results, CTP shows more sensitivity to temperature change and stranger reaction activity.
